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UV reflectors incorporated in UV LED-based light sources (10) reduce the 
amount of UV radiation emission into the surroundings and increase the efficiency of 
such light sources. UV reflectors are made of nanometer-sized particles (28) having a 
mean particle diameter less than about one-tenth of the wavelength of the UV lights 
emitted by the U V LED (20), dispersed in a molding or casting material (22) 
surrounding the LED (20). Other UV reflectors are series of layers (72, /4) of 
materials having alternating high and low refractive indices; each layer has a physical 
thickness of one quarter of the wavelength divided by the refractive index of the 
material. Nanometer-sized textures (110) formed on a surface of the multi layered 
reflector (70) further reduce the emission of UV radiation into the surroundings. UV 
LED-based light sources (10) include such a multilayered reflector (70) disposed on 
an encapsulating structure (30) of a transparent material (22) around a UV LED (20), 
particles (26) of a UV-excitable phosphor dispersed in the transparent material (28). 
Al ternatively, the transparent material also includes nanometer-sized particles of a 
UV-radiation scattering material (26). 
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*M GaN°fl e.lV 1 fe J^*H ^I^H^l] &<H A UN ^.rr 9llLa K-^ohW ^ <LjS>) «JBL*I- 

$ ««€c»5i ^3^. * tt*3«IM. -g-*l '^(radiation)' S TttUJghty* UVS *)aH1 

LEDssl 7>Al^ *HW 7 ]^- LED*!) o)^ .gj.Ai.ig 7>a1^^. ^I^>7) #7) 

LEM <a«awi £ $1*1^1 ^oicf. «| tf^Hf- flflj-tfv) LED * efls| #*!*ilM 

LED°fl r5>] a^^aifc U^r *»JuS*(halo effect) ^ Jft^(penumbra effect)^ ?W4 S 

i*. >9-7] lEDtt <g**l£js. <£<a »MJ-; ^. *m«l # tgispL n^t-h >*7| » 

-i>^ 31 *l* ^^C^. ^£ #3K^->*1 ^av^l-}. zislns.. Aj-yj X|^ r ^^ 

5?. J?^S? ##^£r c>B ^^1^1 ^L5a>§ ^] ^ 7>*]*r ^7] JfHl£.ft %°\ 2. 

"51^- a8*J*»-:P-fe -^71 ^^u}.^ ti)^^V B}tri«(| y y ) S.5q-^ ^ v 5i^) Jl*H c 1. ^7) aV^^- 

a3ife ^7| LED 0 !! ^7^ ^c»i 7>^Vel^cf ^41^1^ ol ftM] Ao]^ ^uj. ^7lo«-M ^ ©ol. a)- 7 | 

LED ^ofl <3^-#^^ NLHJ£- a*)jE2.^. f LED^ll *^«0 ^^.^V^l 

^ ^ ^ v 7fl ^.o]i^ ol^^t ^ u>^^7> 61 «8«|oiH £17] «8So]cJ. o] «3Ulg a]-fi- 

e>^1 c1fr^(diffu?w>r)£| S2^€- ^\ ^^ft^^^-S. ^7>5jo| #7) USD4 Ht 

m^-b ^*cf. oO**^. 6.066.86 l€r ,A J-7j ^»H^^ ^^^> r ^ q^f^a^ 

CaF2sj M-^\»c|-. fl-A>«v?ll. ^1^^^ 6X)69.440^r H# ^ef4»m, ^ ^eHf, ^^Tf, 5! 

UV ik% LEDs^- 7>a1^-o] -^#"NH «K#^S}v+. sil^ia uv LED^fl ^ 

^3 ^el7) • Wfi'tt 4 '! ^M*l7) ull^-ol^ ^.7] uv LED - r -i^ 7l^«>*l »j 

r^. ci|7l6|iAi AV-g-^ u]><fy ^o), ^o) *UV LRDs'-fe ^ 42Qnm5L*t ^IM- ^-g- ^1 2 e UV 4(^>* "ff**^ 
LEX>s-& 4!-7| LED°fl ^lafl ^^f^^^I »7| nfl-g.*!!, <#7\ cl *^*>?8 sq^, UV 

b]^-^ 5 r 813,752 g 5,813,753e ^H«* ^ v ^>vr UV/** LKD <£]2^ #*R* 5,813,752 

aJ-7} tjv/*?. LEDfe A>jBV6]«H 7|AfHloi] ^:}^|i£l«| UV/ig-^ LKD J?H *U) ^-fr^KK 

al*V7ll^^:^ a***^* 'S-^l^l cH-^ ^^1*11 >i^(stack).^ r ^ cflQ}('|, 

^^-^ ^*HH f ^7) VV/^f LEDri- ^7) UV^^l ¥* tH^ *^>fi tt&t!:^. UV 

/^.^ ^A>£>1 o) ^-^ ^f-Al^A.:^ ^^sVa i-fl-V'OlM e-^R-: UV/-B- J f L -°l7l¥l(exc).table) 'T^Rl 1 

^■^^-^1 *<H| -H^l^^ A ^7i LWP M- UV/»*»* -^7] S3 * A > '^7| ^^^^| SiSfl 

§ <£-^ ^ sa-^ LWP ^^1^1 ^^-t -<1 t*fcc+. ^i^ A !^!^r ^ "SaHH ij-7l sJh) 

si a^^c]) a>^o|^-, 4i4«r].vi uv t^M^lfc^ll Stl°W ^1 ^!^^ A^^-Jp-^M^^I 

^ Wl*fl A^7| o||4£.a}^o{| tl^^P>|| A o V 7l ^^-i-oil 9|««7l 4fi-oiq.. 

*«*^i«fl 3|^^5>) uv -H^4 *r*** uv-^-aj. ^-±.4^4 7i)## uv led«ii e^i* 

3:«g**i» 3*** «4^a«i se*. f?'*a s ^s-g- ^ai^ ^--uv ^Y-a-a ^Hr: 

^- *a ^ jsi- fc ^ on ^. w]. ^ 3j s> . 
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2^3. vVshh aja1«i«ih, i jv iflrA^ite aj 7 ] ^ «*H 

.*fl2 i*4|MH .*)~*)aj- #aj.«2]£. ;*» 1*31*2* ^ie-^^tf. A2 ^A)o»6|iAi t ^7) uv liM^lfe 2 

*HM>- UV *M -a ##*Rr LED, -S-^l LED& *3*1*+ *S* & ^! LELH 

«i uv *s-ahi *i*h *i7im~ ^!**4^ s Tn-^-^y ^ 

^-q|*f| tf^Tfl **Mte aj*UE efi+sj UV 4HB-«-«^ J£#«i=h <& a&-fl#s+ ah£. 

fl^S*- -»7l LED es|«H ^7) ^^M- rTfl^ 1?<H 15 (curing)* ^"8*11 -Pr 

alM- £-*M*HI<M*}W B *t* 5U^K *>*<*2 ^ 10° fl^zMI^ ^HM 5 

■4 n*Kr ^^1^1 ^1 ^Cfl^L7l54 T»S| if^^itf. ^Yi ^ 

44- «>^S?1 t--H9Hl A 1 UV«!| e^H^* ^<>l^ ^1)1 ^^^^ 7V^i^- cpr^] 

4^' 5£**^ tf-^olM- *-S«l ^^1 =8«-Tabfl°9 ^lm-r UV ^^l* c-l ;&tV^rf. <$7) ^11 ^-fr fir ^\ 

UV ^-a> flt^jitq. ~L7]ft 7^t;K 

£ ^-^J^lvf *H|S|. S ^-r^!-^^.^- * c "l ^^tJ* v 4 0 l c +. 



' *-8- 2%h«-i=i-. ^ ^-^^^ aV^-jS ^»*4*- UV *AWm*i-B- ^aatB^. cl tJ ^-g- .-4 

H 3:34.4 ^4 ^ «^o|i4 ^ L ^^ ^ a-* ^n^oi^ ffife, -y-7i 

^r>, u#lja.ja. f uv A J-7) °J^4 U^M ^1*^*1 A o v 7l *«A.«. ***?1- 

^^f - -^'-K -«-7] ^l?Vs^} uv -y-?l ^.^s. •¥ -lH #^Kr ^ oi^-g- 

eV-Tfl CL? -7), UV *iM pfl ^(polymeric) ^ItJ- ^cfl ^.fL^'Hr 

oL^J^UV ^'Afyj. ^-^"flS) ^^Al^|7l m**lvK :J.^F..5L, s>}7\ S^^l^ *r?3.-Sr ^ 

^•^^ tf^- UV a*AF»* a-A^yH* 351 oj H>^ftV^. UV o)&£ UV %>+\7\ tfy) g 

UV ^A>Jf 'ti* ^^ ^Ivr LTV LEDs<fl e^J*F *^lg- ^l^'&^K 

t 

^l^- ^ «^<»n «V€ ^ill ^A]^^. „^o| V |. uv UED«1I ^■tiClO)^- ^VAViT.vi(ii4)-?Hl UV LED(20), 

LEn(20)-l! UV ^l-a UV LED(20> e?H<fl ?I*J^ ^ °J^K2 

^. AH s. .^sV^r -%}-7| V*** ^^(26) aH>H AJ.^^ ^|-4(2B)^ 3£»*!"t%. ^7] i.;v LED (20)^ 

lOOnm /I20nm, w)-^^l^|^l vv 200nm Ml^l 420nm. ^^^IsK^lvl- 300nm ^1^1 420nm « fl^ ^-S- V I^I 
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KSfr 1 * -7^(30) $1 ^7] »yol 14 ^ A* #*l*r #*m*g<24>£- MH^I 

UV LKD(?0).£ l J]-^Kft^!^>- 7}*] *3(cup)<?Ml fl *1 ¥!*-L 

* 

£L?K JE2*r #<?M| *r€- *lf2 Ji*!^ tl»*ii*<40)<fr UV *W7 r UV LED(20)fil 

oj 3}-8-«i -K *H*#«!*(42)*- 4bl 9l**<*(40) *H *t-8-€<3. ^^(40.42) #7l 
?H,^ gj -M-^-H^I ^?J^. #7] ?19*4<&(40>- T « -SI-*** <B*r» 

^^.erj- sHtj-. thfroj, H-y] ?!t^^f4 *H&*<40,42>* 7>^1 #7) LED(20)* »SH"4 # 
4*1 38*11 -?;&<50)qH ■8«S**. 5E?L -#7} ¥-<3&<S0)te ^'fl^- *S-^^7-]q- jfl^L ^o) ^J-7] ^i*#^a^- 

4 -»^*<40,42)°1 4]*4fe #7) LEDC20H1 <r «li=* *H<a*iH^. ^7) <?]##*H s| * ^r^l*) 

^.34-]-^ Lfisf i/i0Ji^ 5l7|sq <y*}fi-<e- Raleigh 3j*- r 4& »Sflm3. H°i^l<=K °l ^^HIM, 

SI^VH «H*«i ft^H2- Ht^>M#<>l4. °1 \ ^ 4 a-H 4«H. ^I^l^l \ ? e ^ 

s} q--^°l u K <4B-*ol. Richard Til ley ^ J 4^*> John Wiley amp: Sons Ltd, pp.ll0-l 13(20 

00)* Jy.Uf. t:>4s »a B -#7] -tHJg-gol *t^S|^ »„xi ^>7| <ti* r 7r l/10Jil^ aj-fi. ^ <SHjX| 

^e- ^*a( ( tH #e j* 4*1 s^fir pi ?:! -^^^ si-fi- 1 * n i Jt*3}^u«. -s*«*tj. ^i«.^., uv ^i-* ^^f^ tB 

40nm3iLc> aje ig -^g^> ja}^* ^fr -Mt^H^H' ^W-©rfe ^>^^. 

Raloi^h «»oj cUSB. t^fl.^ r<m 2 -U/(m 2+2)] 2 <>H a|a8«-«*fc 91 *tt^4l *HH*L ^7]a1, m fi- 

^xf a p SI ^^ §r4 =HSn m ^ ^ft^l n P /n m Richard Tilley^ 

#a] John Wiley amp; Sons Ltd, pp.1 10-1 13(2000)* iL*«^. ^Sjiisl, tl^^^l 7 chSLfe m«l 1<^]-H ^ 

7>fHI «)21- ^7K!-uf. ull^y^l ^-^^ ^r^o)t4 rV^ #'4.°] cflsf 1.5*1 i^^** 7H!«fl -*r*-**7"|«8 ^^*]-t*. 

-n^HI IS-sasr-g-fi- l.SiLPV aj-fr ^iflft* 7>?lcK ^^#^| nfa}- -g- «J:^^) cfl^ t!-^^^ °>^I 

H«1W 3i*|*i+. 3 9'*^^ ^*.* 2t* Itonald W.Waynant % Marwood N. BdtgeHBdJsl '^7]^^ 

49S.^', McGraW-HUI, Inc-, pi>,l 1.13-11.38(2000): Eugene Hecht^l * Addison Wesley Lx>n£:inan. pp.72-7 
3 94(1998): Warren J. Smith*} •«cfl-*«F ^m^', McGraw-HiU. Inc.. pp.189-201 °ll M^M- 51 cf. cf|* f 
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•S- -^H-it- J£4«HH ^l^^pfl. Jill 3 fl^-fr^l 7#-<30HI ^MS- *>i+ci 

#4. el* 4 #4 ^##*^C60)& 44* <S#* M -#4 flftfl t*3£<30)4 &<?]44 

Tfl^ig #*14 3 44* -IMS UN 344* #4 #4 «a*fl-Ti& MM 4 44*9-3. 

4$*44 #4 ^-£$44 4^-#. <944 ^=14 fiNS-UV 4~% *h$H?M. «4-4£.3i tf-*} UV 

Ji. Uj* ^lAlol^Al, -8-71 «HH4 ?li^ ***44 *4 ? r l 44 LKV.B|6] A|-o|^- 2 I *4«1#4 $ 

^#.4. »7l S^olM- HI a 9 ■fi , *ft°fl 4*f) *44 ***<«:fl^ D°l #4 *4»fl*4-<#4 ^*!4 # 

^oji+^i^a a^isi 3MM*1 ji-g-^o] S!*H§- ^-*14*J4. 

S- St 4-S -HaM<HI4, pv «A>7l-fe a>71 LED-* tH^«H ##4 W^*- -#4 <rt**t3i* 

jQLsT^Bl i^^P-i?. 4£i£*3 Brass ^^K'DBR'H 4. ^^-g-oJ ? 5^5 >fl*% -?-^C30>-?l 

«fl 9143 DBR(70)* H44. 436- <a^* s l *J4<26)4 #^44 ?H^« »«<22>0H 1^ 4-44 

AV^^oj «J^(28>& 5L«-*cJ., s$y\ DBR<70)£- &«fr S$*4 7>*1 #3*14 ^72,74)4 liuHS- 

i^7l14 ^-g- ol^ojq.. _£6£~ -8-71 DBR(70)£ cl <?M6MI #-^14. ^ 1.5JiL4 

4 * «$IHh 44 »*<>H. 4#444tt cfl^ e, CJ 4^*l44r? cil«f 21&4 4 ^r, £ 7f# 

^^-ais^ll^r xlM l.5Ji»4 ah*, d afMWt »1W 1.40i4 £ 7p^ ^flef L..mcf 
7] ^] ^-.^o|x^. 

7^ 7>^V ^J?.^.. ^71 ^©hf^lb- 1/4 oil*. 1/4 <a^^K DBRC70) 
^ t-^ 7H^^I cH«fl 1/4 -al-**^ ^»-&<>f 555nm^ i/4«J! ^^1]^ 7^1 fc- 3J<>] rtl^^grfcK ^7] 

Af^Sj ^oi) ^«lUV^--*|-g-*W d Cf« 34^*, IJV** 7 r ^it4, ±t 

KlHiS., al^*- iUq)^^(aUernatui« materials)^ ^ 1/4 DBR%- « Afo)^ 

IJV -^A>7> ^-AjilSL^i- DBR<?0)SI 3* A: UV 4 A >¥^/4 & «fl ^>*1# -^ ^fl *l 

DBR&- 57«^.t* ^ *-g- + SI 4. DBRft ^^>D iWfe «V^^Sfuf. DBR€- 1 1 o^ej 
4^- *«*4 4^\S4«. ^1 fee #**4 ^Wl ^ -r^l^ *54»}>11^ 

t H - (S40nrcj)/(4n „ > (580rmi)/(4n H 
t L * C540nm)/(/ln L ) ifl^l (5»0nm)/(4n L ). 

4fe ^l^^^l ^ ^^1^ <>l*fc uf^-si ^hWte- fl^Ve c ^ «H *^«4: 

n 7> #7}#oi] 4«f, rt J^l^ ?rASW, avg^i^ tH 5Jo] b[|^ a>«iai g^i<>»-H ^VA>ja4. ^*Haa, 
-7'^^ 5*111 1/4 ^7l *^oibj ***AL4 ^-e- ^^€r* 

43^, IM uv ^A].7f A^j o}^:^ -];4^ ^L^J ^^g- #*H ^A>-1 5flt>|4. DB 

R* flfil ^afl-gl ^^H? tt-^^l ^ •** S-ll-irS- ^>4&, 4J^# *^^-**4 ^l* 0 ! ^t:- y<^i 

u>#a|ft>4. *fr ^ ^ft* 7 , r ^| ^llfrsfl *S4 ^-7)14 cf^ Mth«l-4. o] 

^ * ^1 SI cj* a a) <^ fe- 517^|a1 jy^^tll, ^71 ^(30)4 ^ti^^l DBR(70)$1 3tt«(100)^ 

LRD(20>C Sttfc 4^S| 4ir:n|Sl ;ri7|^ »«^(110>« 7>«4. A o v ^l ^*(H0)fe^l?l DBF(70)-4^7l 4 

T-=£(30) a>o] <aj ^tIHIa^ yMHa- c1*#7>Al«t|.. 01 ^ng.^ &#Jf(ii0HlAl^ ^a>^V°1 A cK4 ^7|]4_V-4 

371 nj-e-olul, §-^-7]- ^(4^ AJ 7) <y^|2]-igi.i=> cl *>* S°l r l - ^1 ^"^^Cl l0)fe- *H 5Pf 555nm s** 

si 1/44 ¥^1* ^°14 u1«|4 ti-f:- ^*^€r4*Hr So) w^W^eKt. ^4 4^4^-^. Hfc 

Aj-v] 1/44 71P-1 *<J1*V ^o] ^ «t »lol-ia(hase)^H!!# 5i] "4°1 4 #^44, 
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V^o, n ^ 7Wfe *j j^a} -f^h 5££- .^3*1 E| *g ol| Sl*f| V^l t r, * (A, /4n ^ X^l 

*H<iMM. 0*<B, alms's, 9=£- «2F?*^-£- #*1 aM 5 * *! 

$*1M^ (indentation^- ^'<g : ?-&*\ .^MHl ^S^h cflefr 1.05 t4l*f 1,4 *** n l 

(indentation)*- *8^-lL ¥^1 t u - (\ /4n , K^>M1. X *r ?-4*Jl=- »J**oJ«*>* fe *flt&& 3 ^ 

^sjiE^- ^nrj. ^y?\ x a}^>) -- c olt ^ 555nm<>1 ^ »*#«8, fe-fi- "rf^-fr 

14 MU^lJa] ^«H^J>J2. DBR & ^S^l 

^^>, DBR& l fl7B^. ^^^1^1 ^1 T'SJ^V «8-\t€ o]^-M ^ v 7l LED «N 5dfe 

•^71 *Hrg ol& Jf#^cK afl^^-?l. A J7) fl^fl ^.^-^ 63**1^. 51*1^. r ^ 

uj-^ai ^a]^7> <*}7lAi -a^S ^Mi».vf, ^1?}. ^] o^. Jf^ ^^itA^sJ 3t«. SF-fe: 7ll^# 



uv v^f7]7i- e-^i c Kr^ uv ^*a*]-s- ^ v s^i «te ^il A ) 

UV t^>7l7> flofl UV <t$#^#9l. * ^°lt lc V^* ^1^ -V^^rfe- ^H^- 

£4t- ?»»#*3* ^«Ht?l-fi- ^-thsfe UV ^-a> UV ^>7]§ 7>.^1 
*z uf« UV fJKD^I -371*1: yflef^. 

J?-5fer UV ^>7l^- Jfeti-Sfe ^ 'ShrgoO UV LBD^) 'IHf-'r-. 

5=6* JE5fi) UV Afl^H. 

^7€- WW UV LED^ v:3>l?V ^^1 A 1 ^-g-jflfc r+=?# UV 7])^. 



(• »;• , l i ■ • ■: -v-i 

4>7) UV ^ a>«#% #7i -a^-1> ^'f)# ^^-4 eft* a*** 555nm 

n^lu 9HI cfl^ ^3} site- *7%P~& UV ^71. 
^1 l fl»W, 

« ul^L^g. ^nlit h) ^»«3. ?>.^-t*" *7Hi# ^J3.^- J J-. B+ASHt. ^* 
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.0.2.!=SHfr elVKfa. *JR.j£ 

4«**8\ *hH=-# -4»H**». «+n]Hw- &d:3H&, B)fr ^Hti^. ^1^.±L^ 

<8. flT^Hy & <a#fc, -as**. al-H- &.£J:L>:><8 t *1J*«. *1S-* ^d* 

*TO 3. 

uv ty* ira-iM -*7| ^iStf sr^tJii* Was- ajt uv 

^ SfCgroup)^^ -V-*l -*J«!&1S- s!£ #3i»S. UV *M-7|. 

»n i »<"saow. 

*3£JSl *Vfe uv t^l. 

■=»fll. ^^€"4 *82 3|oiS; jarHJS. t^S| F-WaM. 

-*7i ^-7i ^12 ^-a-^ a* a& *^ uv <w-7i. 

& oll^lsq #=B#Ji^ DJ S-5£ 3}^ UV 

-41-71 i-^-a^l 2 il^> afA^, MWflWfe' ^l^F 1.5 Ji«* ^A«|, **WM#?|fe- tfi^f 1.4 34^ ^Aol. 
7i y «m-aq*w^ tflSf 1.3 Jil^ 7 A-£r ^ A^ UV «M-7|. 

-S-7| ft^loi e)* A.45=.4V<g v *\^&. +W>)*\. jaj2.r-.^ t -fr^t. i+s.* 

59^* 10. 
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*n io *i*|a|. 

<fi» ul-fcfl-g- fll^fc**. ^MF- n l* ^fl. JsL£ *I»Hh » **h§\ ?l^-& ^-f-JS-i}*, rt >fl 

jdi}-& »g- .it*iLSL«3*ft, ■aeie *»#. ft* #*Mfr. ^isM^, *■& 

ifelot^c ^H Bfoljj./o}^ *fl|trJHh ft* 34iiHh Wflte- tlA2i*ra, 

Stft'fr M >li^ YJ in- * fl***, ^2.* el* -Q~£H.^ , 

3fe UV *}aV/). 

.*fl 6 SHI 5fl«>M. 

^j^lfr 14. 

*■ rtl 3 ? 540k/(4n) *H*J 580k/(4n) *l7l-*1 kfc- #*1 ^ %+3L "T 1 

14 ttf«» al*M. 

4t^J|s| f-o] SJi!.^ =L7lv+ 55+ Si -{s UV »?M>?I. 

« W 17. 

< i^ »4i ia^i. 

^8 12 fl«H-*l. 

UV #4'). 

^j^itg- 19- 

^! 18 ^Hl slol^l, , 
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^^-U" 20. 

3^*21. 

*| IB SftcHAi. 

-^-7) -§-#-?-7> *flef 540k/(4n> 580k/(4n) €■ ?>*1°1. kfc 1-4 c $z] *H*- 

ftl-fc UV *fr^7K 

^^U* 22. 

*fl 21 «<4 SW-M. 

»ii 2i sa*H, 

*&7\ ^jAHfo] ^jA>d|.^. ^}7i +7>* flog tgjgg i+^<?| «3 3E9S>& ^p-s sfti- UV *4>l. 

*I24 5U*H, 

*>7l ^#^7> >&7l *f-y}&3$ ol^^H *l 5!^' *J-fcr UV *A>7l, 

26. 

#7] sflaj-nl^fl. ^fljS-S- SAJSL *fe UV V>^I-7L 

^J^^h 27. 

^ii24 sa^i Ai. 

^-7) ^#J^-7V tflsf 640krt4n) 41*1 580k/(4o) *HJ- kfc 1"4 ^K 1 3^ 

28. 

*l 27 sa©M. 

» 

•*7l 7V8- £ al-M ' #71 fiHfr*s| UV *AV7|. 

^"t l '^ 29. 

>0 27 ^ SflolAl. 

30. 
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*io|5L eH4*) UV LED°tl Y.^r/)dl #o\a.\, 
UV *fr*Ht LED; 

^-^1 '^^H, t3 -^^^14 XWfc fl^T*-3fc<shaped structure*): 

ft LED €**H $)*13£r 3J-£ **Aj^ *MS. SH-r*! UV LED°fl ^* 

* 

^1 UV *W tisHJ-Sft- #7) 8-*3<>m ^^a ^ t^g. 7fx|«}, -#7l S7 

Gnm*l *fl« ^^Ife -Bt-S^a SJ-fe *U>)JE «m*J UV LKH 

^T t « 32. 

^i 31 *hi 

-& "l^SHsh *f-*l &k H«Hh *SL+ *4tf, *f5=£ «fvSLJHh ©><8 *# XL* 

AAH.*S, #*H*1. 4iel«- ^>^S" *l#*r<8. #.*-MJ±*4*, cH*r£^, 

B}o)is f o r *i 44 5-4.*, 44*44. a* W1* 4# Mi2.H^r 

<3, 7|1«i4ir *!:4». ft H4*. AAHiW, ^^i?, U4« tt-*4*. ^ 6 H. 

*fl# Afcli4* ?ivH? #^JH -Pr^. -*i-§- 44K AAJSl^-lr. ^h^Ml^r iLfi!.!?.**. ?(<:|ensc)§^!^ 

1M^9.s4*. £444 ^<Jls. JfBJ 41*14 4? #-2- *3JA& aHr «VM-flq uvLED^fl e 

^"t 1 ^ 33. 

34. 

A 31 floW, 

ft «>l»a| i*«tte *Aja. Jf ^ tl^qfe *h=«^.je. #v? dms| uv LED4I 
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^ni 1 "^ 37. 

ajojs- UVLED*t) ^SMHI SM^I, 

uv *a># «u-*«j-t led; 

LEOS g-^lM- fll^^ «■** -^(shaped structure); 

UV *W» It?) IJV y^l**^ *9«*M£* 3*13*L UV ^}oj| f?]-i|) ^7]-v|>-- aJoUii 

^•7) LED ^?*H *J*l-sqte a* S.iiL 3|-£r WSl UV LETH e^^- *HL 

fl?* 38. 

UV *MHfr $-*8M£ LED; 

LED^- s^iaM, -tifi'S- » "3*1*4 31^^ ASM* Hltg^Sfehapcx) structure); 

UV -»7l UV *AHfr 7W Jg» -#7| LED e*H. $1*1*1^, -8-71 UV *aHI £|*H 

#% fc *-i2. #7) JJjfl 1 ?* fl*]-^. ^§-4 m *I*IS. jUCBJSS. 7}*1fe x^s| if-ti^-* 

# St- fe U V i# A J.? I % j£ ^j-n] f 

-S^l *81 #7| Ai -*7) : £ f-^Ai jfli^e -*7| m-TaM *A 

fi-fc 5*| of 5= UV LEDofl eTj^V #41. 

^n 1 ^ - 39. 

till ^frfr^l ^l^W- ^H^ F d i**!!.^ ^-^-"1. ^7) ^12 ^-^o]uf #^1 

^7l 4 \ SS^l cJl^ 1.5 sfji, d HR*a|*Wle <«9f 1.4 Ji^ 7H V «W^»»l4=r ^ 

^j- ifl^- 2,3 u-i ^ fl-^P-sL aJcHp. 5j-u>^ UV LED*! v^tIU ^^i- 
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aja^a*. "K-/-«fl^ jais-fl-*, * fl-fcl, -del a-, el» Mi***. ft* 

4 38 Sfci»W. ' 

*l|2 *MS** n^lfe a^- flMM^a*. e|n H%iltr4fi-. ej^ *a*. fll^'Fir, *ia«> 

a^a*. a^.a#. smm a*.**, ^a. jjl* a-*-* a-s.» i^^t, °y<d 
ja#* ii«.*..«.A32.a*. -sa* &a#. a^ ^ks-* *-m*K3, «# #s^±L-g-a#. 

aaa-^-. tfj|^.^o]e ( «\<$ 4«t^«i-« p a-^s -a^frft*. #&a-§\ «-¥-a*r $&a#, a# majsumj. 

jEef^ M , ®»# A-a-**. ^a-tr 4W#, *■ <aa-H-. a* it -a**". a# -2-i ^- 1! ^ . o|£.# 

^ p ^-a-a*, *>aa<H, -^-^a-s-, u r^# 

ii«a#. *(dcose>*tiS. fl-a. S *l*a «4HHt StM-fc vt&& *a *i*!ate *!* ^«-2-S. *K? a 

*a ch^sm *■ #«M -tfa au^e *n nsi i«-aa, tfa *i*a *a 

at ti^l-** -r*at? 5!* ^^-^ ate a<H*. aM-a UV LEDm ea« *H4. 

^■7] UV &*}7}7} m ***ja.a *N*- J* 3 fT-g *M! #3! a Jf ^additional)** a £tf*t"1. 

^-^"SS" 45. 

uf^s) * tflef 540k/(4n) Ul^l 580k/(4n) ^^a) k^r 1* «t+ "Y* 

-5>^ a} <H<£ *H4a UV LED 0 ?) e^l «S 

■ 

46. 

-#7j ^<>] *^7ja ** ^■-■Siii?. 6-Hr ^<H^ <*i4s( UV LHD^I 

^J^ 1 ^ 47. 

48. 

-^1 43 Sd<H A l. 

«4& 7 Ra #°i hai*^!^ na ae- at ^i^i^aM-a uvlrd^i 

^8*T t ^9' 49. 
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■#71 UV yVA>7|7V, >tfy| #<8t*2:# Sf^c-1J4M ^S^lfe 'iVA UV ^ A >^i^ M-HI 
3-7*8- 50. 

UV LED°H F7]& 

^T"^ 52. 

Ml 49 1H &oM, 

540k/C4n) 41*1 580k/(4n) ?}# & ^M 0 !, kfe 1-4 °J^) *Hr 

74l# Tf-O-S. tf-Bj <y £>J ^-r^ja, n«- 555nm"lW ^1 '-fl^*! ^^S^J ^ ^3 

ypj, ^ £#J^ feo)*} ^ O.J5L ^ UV LED^l e^Sl 

54. 

^ g,' ^|^ } ^j. 7) ufloi^(basu)-^ €■ ^^S! * 3>M-fl UV LED«i| £ 

VLED<H] 

56. 

t 

57. 

>ii 55 %h an*!, 

S*J5L?> tj€f S40k/(4n) 5801</(4n> 7>^> ^ 7>x)"l, <4^H k-^r 1^ *|"^ 

59. 
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.*8 S8 <a°l^i 
^ ^ 60. 

#7) <y^-£ <a*Hi- a>oH uv i^f 4M2-&ti*l cl S^H?!^, ^1 UV *W ^ 

7] <>|^-£^ <B*H± tt^lM- ^--^ »3W °M £- A i^ ^^S- f>R~ ^ol5i ft+i+sl UV LED 

^oj^ 3^4^ UV LEOol) e>i« 5ft°M. 

uv led*!-; 

^71 LEDft «*S- ^(shaped structure)*}; 

#71 UV J+Ave -}--g-«M y\X\%*it. ^jgrffcrJ* <#7| LED e*HI *l*]. r 3*t UV *HHI sJsfl c47|J3fc- *I<H 

-M-°i°fl ^^;^e>M-^ uv^v<*<e*ssj t g;*i-ih& • seww, 

UV «A r >1ter 

Mil * *112 ^Mi-fr* ^o}-^ mcHis. 7 r *lfe t;K-<s] ^ 
^7) ^-T^l ol^^v^ 7 | uv #AMsq c^sj 

sit- #^§- ^^)p..s. si-^ uv ijeim e>l«iMl. 

3^63. 

«fr *•!«*!. ^.^-^ «5LS.»*«S, ^--foioj. 

g. s iiD^ef^l ti, o)-^ AitftttsNj, 9l-3?-# ^^1 fe-sl-ft, ti^aHi-. ** W H9- ^ MAM^fl. xt* 

# MAii^. €■ *K^^ «S* £^LS.-4lr'B:^ia«. <>1^# -ttft 
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^•71 UV ?1^7l&! M-7\ ^-Sre afca. #7] UV >^>yl<q #71 *}J2 1-7 d a 

cf^sj 31**51. r>40k/(4n) UJ*i 580k/(4n) $¥1*1 -r*flH- <*\ 

7|^i k-e 151} ^ -»JftJS. 41*9*1 *f #s| ^r^Ul, n^r 5S5nm*llA] ?! -%M & 

«f 540k/(4n) vflxl 580k/<4n) ^1*MM S *l*r€- kfe l** ^ ** 3^ "T^ « * 

^oi^(| >aS c>^ 7}^ £< ^.SJS. V*l ti^^lfe- ^%SL&. *fe * L >3 UV 
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